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DIGITAL FREQUENCY SYNTHESIS 
About twelve years ago the digital frequency counter made Jts 
commercial debut. It revolutionised the art of frequency mess 
urementj and a tedious, complex process of multiple hetero 
dyning was reduced to a simple act of plugging in the signal 
and reading the answer, The tremendous time saving more than 
lustrfied the cost of the counter and these instruments have 
become ubiquitous. They are found today in applications un 
dreamed of a decade ago 

With the advent of the digital frequency synthesiser I believe 
we face an analogous situation. Here we have a single mstru 
ment that can generate any frequency over a range far greater 
than most oscillators or signal generators — a frequency known 
to quartz crystal accuracy of a part in 10 : or better This one 
instrument can do the work of a whole battery of general and 
special-purpose generators and do it better and more conven 
lentiy. The inmal model has been engineered to the most exact 
ing specifications and construction to meet the need for a 
high performance instrument Later lower-priced models will 
provide high performance over a reduced frequency range 

It will be very interesting to watch the applications develop for 
frequency synthesizers Almost certainly they wtll become as 
common as counters, Almost certainly there are applications in 
your own work where a synthesizer would save time and money 
and do a better Job. 

Bernard M, O fiver 

Vice Prestdent, Research and Development 

Hewlett Packard Company 
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r\s thk electronic art has advanced, so has the 
need for variable- frequency signal sources of high 
stabilities — -stabilities comparable to those ob- 
tained from high-quality frequency standards. 
Such sources are valuable in sophisticated com- 
munications work, radio sounding, radar, doppler 
systems, automatic and manual testing of fre- 
quency-sensitive devices, numerous timing situa- 
tions, spectrum analysis, stability studies, and 
many other areas. 

The sources that provide highest frequency- 
stahiiity are single- frequency sources < — "fre- 
quency standards! 1 Today, some of these are re- 
fined to the extent that they use atomic resonance 
for maximum long-term stability with a highly- 
developed quartz oscillator as a "flywheel" for 
maximum short-term stability. Having the.se 
high-quaiity standards in hand, it is natural to 
look for some method to translate their stability 
to other desired frequencies. This translation, 
when the operation is something more than a 
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Fig\ I, New -hf>- Model 5100A/5110A Frequency Synthesiser gener- 
ates high- stability signals in 0.0} cps increments from dc to 50 mega- 
cycles. Generated frequent J I Un be controlled by panel keyboard or 
by remote control. Programmed control tapes can be used to specify 
frequency patterns for automatic testing, fast receiver tuning, NmH 

work, etc. 
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FREQUENCE (HO 

Fig. 2. Amplitude response of crystal filter made 
.: synthesizer in setup of Fig. 4, uhuh permits 
automatic plotting if desired. Phase plots of many 
devices can be similarly made to check dt 
stability. 
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Fig. 4 Equipment setup far making response record of Fig, 2. 

Phase plots can be made using phase deter tor, System fan make 

measurements automatically using suitable programmer. 



single arithmetic operation, is com- 
mrmU known as frequency synthesis. 
Hence, a variable-lrequenq synthesize! 
is an instrument thai translates ilic 1 1 1- 
quency stability of a single frequent v. 
usual I v tint- from a frequency standard, 
t iv one of many oihei possible fre- 
quencies^ usually over a broad spectrum. 
Sin h an instrument ma) provide am 
one of thousands, even billions, of fre- 
quencies. In everyday usage the word 
"Variable*" is usually omitted from the 
name, and the instruments are tailed 
merely "frequency synthesizers'* 

The two basic approaches to Ire 
queue \ svnthesis ire known .is "duei i 
(i>r "true") and "indirect!' Direct syn- 
thesis simply performs a series ot arith- 
metic operations on the signal from the 
frequency standard to achieve the de- 
sired output frequency. The indirect 
method involves the use of tunable oscil- 
lators which are phase-locked to har- 
monics of signals derived I mm the 
standard. 

The direct-synthesis approach has the 
1 1 need advantages of permitting 
fine resolution and East switching in the 
same instrument, as well as fail-safe op- 
eration and an extremely dean output 
signal. For these reasons it has been se- 
lei red as the design approach fot a so 
phis tica ted new synthesizer developed 
by the — hp- Frequency and Time Lab- 
ries. 

The new synthesizer, for example, 
proi ides frequencies from 0.03 cps to 50 
megacycles in digital increments as fun 
as 0.01 tps! - a total of h billion di\< retc 
frequencies. At any frequency the out- 



Fig. 3. -hp- Made! 5 100 A 
Synthesizer (upper unit) 
with Model 51 10 A Synthe- 
siser Driver (latter unit). 
One Driver unit can oper- 
ate up to four Synthesizer 
units. 



put is a spectrally-pure signal— any non- 

h. n mimic spurious signal i^ more than 
fill db below i he desired signal 

The output frequent v can be selected 
by front-panel pushbuttons or hv re- 
mote electronic control for work involv- 
ing aui on ia lit testing or last frequency 
tracking. Under electronic control, the 
transition From one frequency to an} 
other can be accomplished in much less 
than 1 millisecond, as described latei 

The Stability of the frequencies is de- 
rived from a self-contained frequency 
standard which has excellent short-term 
stability and a maximum drift rate of :> 
pans in ID pet day, I'he high-frequency 
short-term stability, which includes 
noise as will as spurious signals, is quite 
i om pa t able to that of a quality fre- 
quency standard. An externa] standard 
i .ui aKo be used if desired. 

PHYSICAL ARRANGEMENT 

The Synthesizer is divided into two 
units, (Fig, ."H), both of which are com- 
pletely solid-state. The upper unit is 
the Synthesizer propel and the lower tin- 
Driver. Manual selection of the output 



age and facilitates frequent y search 
work. Manual searching is provided for 
in the form of a panel control which is 
calibrated from to 10, corresponding 
to the lull-scale frequency rating of the 
< olumn being searched. 

SYSTEM OPERATION 

A simplified block diagram ot the 
overall instrument is shown in Fig. 5. 
The Driver (Model 5110A) contain* a 
frequency standard, a spectrum genera- 
tor, and appropriate selection networks 
to provide a series of fixed frequencies 
between 3 and 3*> Mc to the Synthesizer 
unit. The Synthesizer unit (Model 
SI 00 A) contains harmonic generators 
and suitable mixers, dividers, and am- 
plifiers to derive the desired outpui 
frequency as a function of the fixed fre- 
quencies, 

The fine resolution portion of the in- 
stiument is particularly interesting and 
also serves to illustrate the method of 
synthesis used. As shown in the right- 
hand portion of Fig. 5„ there are seven 
identical mixer-divider units, each of 
whit h corresponds to a place or position 
in the final output frequency number. 
In each of these units, and in the eighth 
unit as well, a frequency «*i 21 M< is 
used as a carrier input, as shown 

fn the right-hand unit, which pro- 
duces what ultimately becomes the high- 



requency is made by the keyboard ire cm resolution digit ^ID tps). the 21 M< 



quency control on the Synthesizer; re- 
mote electronic control is permitted by 

a switch at the lower left of the unit. 

The pushbutton keyboard allows sin- 
gle-button frequency steps as great as 10 
megac ytles in the left c olumn and as fine 
as 0.0 1 cps in the right. An extra row of 
' v (Search) buttons across the top oJ 
the keyboard permits continuous varia- 
tion ol the output frequency eithet man 
ually or remotely by external voltages, 
This gives continuous frequency cover- 



carrier is added to a 10 .\r r frequency 
in frequency-adder M A" to produce 27.0 
Mc. In "B" the 27 .11 M< hequency is 
added to a frequency of from 30 to 3.11 
Uj . depending on the setting of the 
panel pushbutton or remote control-cir- 
cuit, SH< i lion of a '2" in this particular 
digit position, foi example, electroni- 
cally selects a signal of ,12 Mi from the 
Driver. 

I lie output of ,+ B" is a frequem j ol 
30.0 to 30.9 Mc which is divided h 
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to produce S.00 to 3.09 Mt. This fre- 
quents is applied to the second unit, 
where it adds with the 24 \U carrici as 
before and die process repeals. II the 
process is followed through, it will be 
seen that die frequencies noted in the 
\>Uh k diagram are obtained at the out- 
puts of the various adders and dividers. 
In essence, each mixer-divider unit, 
through a frequency division process, 
a given digit one place to the 
righl in the (mat frequency and al the 
> .H ii*- lime inserts a new number in the 
displaced posit inn. The final result is 
that die output of the eighth unit is a 
frequent \ at between 30,000,000,00 and 
►9,999*99 cps, depending nn the out 
pat frequent \ sela n«l l . 

In the following two operations the 
signal Ls added to a frequent yoi 130 Mc, 
and the resultant again added to an ap- 
propriate frequency between 31) and 3D 
\\i to yield .« frequent \ of between 390 
and 100 M<. One of the five Erequem u^ 
from 550 n> 590 Mi a then subtracted 
from this to yield the desired (MM t ps to 
r pU \U outpm frequency; 

SEARCH OSCILLATOR 

The search feature has proved useful 
in several ways, Besides facilitating 
m M fling For an unknown frequency, it 
permits smooth frequency modulation 
of I he output, phase-ica king the svnthc- 
si/ei into another system, sweep opera- 
tion with i sweep width smaller than 
I cps, and the capability of placing the 
sweep accurately anywhere within the 
instrument i.mge- The search oscillator 
permits the output frequency to be con- 
tinuously varied over the frequency 
range of any one column except ihe left- 
hand two (megacyj les and tens of mega- 
cycles columns). Searching can be done 
either manual!) by a panel control or 
>ujt ;dh by an external voltage ol 
— I to —II volts. 

In the circuit, the search oscillator is 
i I n M< variable oscillatoi thai is 
substituted for the 1.0 to S:9 M< fixed 
frequencies available to the filter 
divider units (1-8 in Fig. 5). Its manual 
i ontro] Ls < alibrated to > , at < urai 5 and 
Itage 1 < >iir ml capability h.is a 5% 
linearity specification. The RMS ±1 
contributions ol aboul I cycle tor one- 
second averaging when this oscilla 
searching in ihe 100 k< step position 

Synthesis methods similar to this have been con 
sidered lay several people including some at Hew 
let! Packard Especially s>gmficant work in this area 
was earned on for many years by H Hailing* and 
H Stone at the U S Naval Research Laboratory 
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I j_: 5. Baste circuii arrangement of Model 5100A/51I0A Frequency Synthesis ft. 

Direct type synthesis design approach is used to achieve fust switching with fine 

r t sedation and fail-safe type circuit. 



limits the synthesizer's short-term stabiZ- 
iu to that evteni, but in search work 
tlm is presumably of little consequence. 
\i .mv rate, the instability effects are re- 
duced as the digital position "l insertion 
js made less significant because of the 
frequency dividers involved* Insertion 
in the 10-cycle step position does noi 
result in a Aigntficiint reduction of the 
synthesizer*i short*tenn stability. 

SIGNAL PURITY 

One of the important design ul 
lives foi this system was the elimination 
ol non-harmonically-related spurious 
signals to a ^90 db sj»efifiraii<m A par- 
allel design objective was the red 
oi noise to 25 low a level ms possible, 
since noise appears as a small random 
phase modulation which, in critical 
high-stability work, adversely a fleets the 
frequency stability of the signal. Some 
soun 1 ndard "s< illator 

instabilities, filter instabilities, thermal 
and (uitciit noise introduction at low 
level points, I t rea« tarn e noise in tuned 
t in nits, electrn at contact problems, and 
semi* ondnctor breakdown. 



Kig. 6 shows the low value of the 
phase noise distribution typical of the 
new synthesizer (the AM notsc is some 
20 db further down within \W) ke). Ihe 
synthesizer's contribution r«»a "perfect*" 
external standard would be somewhat 
lesa than indicated for the noise closet 
than 10(1 cvclev. This < lose in noise is 
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1 AND 10 MC SYNTHESIZERS 

Two additional synthes^ers. based on the 
same design approach used m the 50-Mc syn 
thesizer de sen bed in this issue, will soon be 
placed m production, The chief difference m 
these units is that their upper frequency limits 
are 1 and 10 Me, respectively. Their general 
performance, while not precisely the same as 
the first, has been kept at a high level. Fre- 
quency selection is also made either by pa net 
pushbuttons or by remote control 
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OFFSET FROM SIGNAL (CPS) 
Fig. 0(a) 

also less for lower output frequencies. 
Multiplication to X-band and analysis 
wiili 3 i m trie -bandwidth analyzer shows 
the spectral width to be mudi less than 
I cycle (Fig, 7). 

Jn an attempt to give a rough indica- 
tion fit the synthesizer's noise perform 
a nee, we have specified that the phase 
in .m arbitrarlly-sele< ted 5€ ki 
noise bandwidth (excluding I t yclc at 
the center) centered nn the signal will 
be more than 54 db down (see spc< ifiea 
tions) The contribution within 100 cy- 
cles is loss at lower frequencies, so the 
specification is must conservative there. 
In a like bandwidth the \M noise wilt 
be more than 71 db d^wn for output 
frequencies above 100 k< 

In order to characterize the synthe* 
pel forman* e for timing appli 
cations, we have specified the RMS 
fractional frequent) deviations in terms 
of this same ^1 k I. mm (width. Or 

vantage of this characterization is thai 
the same number holds after processing 
the signal through a perfect frequency 



100 I0Q m 600 7QQ BOO 900 
OFFSET FROM SIGNAL (CPS) 

Fig. 6, Typical low value of phase noise in utitput uf new synthesizer, 
(b) shows close -in" noise in greater detail. AM noise in murk below 
these levels. Both records arc of single side -hand made with tan able 
selective system, 

in Hi 11 with a fast change from low to 
high line (+20%), There is less than 2 
pa Ms in 1U 1 " frequents shift pel C 
change in tire ambient temperature. 

The internal standard (an be ad- 
justed by an external voltage to permit 
locking the synthesize! into some other 
system. A range of h-5 pans in Ml* fre^ 
quency control can be exercised with a 

Ekvoh externa] source. The short-term 
stability ol the standard is adequate to 
provide the short-term stability specified 
for the overall instrument. 

When an external standard is used in 
place of the internal standard, a i rysi <! 
filler and other circuits in the synthe- 
sizer improve to a greata "i lesser extent 
the noise and spurious signal mod u la 
tton present on that standard. A meas- 
ure of this improvement is indicated in 



frequency change and environmental 
conditions, ri^. 8 shows a sample Instru- 
ment output kvel as a function of fre- 
quency, Improved response from d< to 
100 kt is provided by a low-level, high 
impedance output. Level stabilities a^ a 
funi tion of time and of line voltage arc 
shown in i r \%. [\. 

SWITCHING SPEED 

The provision foi fast electron i< fre- 
quency sele* lion makes tire Synthr 
resolution and stability available for 
sin h ra>ks as automatic digital fre- 
quency tracking, automatic testing ol 
frequency-sensitive devices, automata 
special communications systems, as well 
as simple remote control or readout of 
frequency. 

When the local-kemotj switch is 
thrown to REMOTE, the switching power 
is transferred horn the front panel con- 
trol to three remote-control conn 
cm the back panel ■■! the synthesize] 
Frequency control is then accompl 



multiplier oi divider* The specifications b) connecting the switching-power lm< 

in the lines corresponding to the desired 
digits With electronic control, ex- 
tremely fast frequency selection can he 
accomplished and with virtually no 
dead time, as shown in the accompany- 
ing group of oscillogran 

INTERNAL STANDARD 

The quality of the interna I 1 \i\ 
standard is indicated by h^ aging rate 
of less than 3 parts in ID" per day, which 
is onh about one order of magnitude 
below that ol the finest crystal standards. 
A siandbi Icature keeps [he internal 
crystal oven turned >u as lon^ as ,u line- 
power is available. The standard is well 
■led from line voltage variations, 
the worst effect being a momentary Ire 



ghtin are most conservative at the 
output frequencies for the longer av<i 
a^iutf times. The specifications can be 
viewed as applying to the synthesize! 
including the internal standard or as 
RMS contributions to a very high qual- 
ity externa] standard. Foi averaging 
times ol a second or longer, the synthe- 
sizer can convert the stability of ihe best 
si ngle- frequent \ standards to the 50 Mi 
region without significant deterioration 

LEVEL STABILITY 

The level stability of the equipment 
is of considerable importance in some 
applications such as hi frequent \ multi- 
plication where level instability can be 
converted to phase instability. The spec- 
rfi< a tions include both the effects ol quency shift on the order of a few parts 

. 4 * 

©Copr. 1949-1998 Hewlett-Packard Co. 




-* -10- 



*' -»- / 

FREQUENCY (AT 8750 MC) 

Fir. 7. Spectrum of typical synthesizer sig- 
nal when multiplied to X-band. Narrow 
width here of </ cps indicates high quality 
of original synthesizer signal. 




fa } ( Up per trace > Synthesize? freoueney 
hed from 20.003 Mi to 20.006 Me and 
bach with 20 Mc subtracted to display 
twitching tn greater detail. This switching 
detail ' of any of the six right- 

hand places. Sweep speed is 200 tumcfcm. 
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(rfi Synthesizer twitched between 2$ M* 
and 26 Mc Sweep ts /fW ^see/cm 

SYNTHESIZER SWITCHING SPEED 

The accompanying oscillograms show the 
tremendous speed with which ttie synthesizer 
can change its output frequency under elec 
tromc control. The upper waveform in each 
case is the synthesizer output as it is changed 
from one frequency to another and hack again 
The lower waveform is the external switching 
voltage applied to the synthesizer. The oscil- 
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(b) Synthesizer snitched between 20 .0.7 
M c and 20. 06 Me with 20 Mc subtracted. 

p is 20Q fLsecfcm. Lower I 
cases is twitckhtg waveform apploit to 
synthesizer. 




(e) Synthesizer snitched between 10 Mc 
and 20 Mc. & I jisecfcm. 

Jograms have been selected to show switching 
both within a single place (digit column) and 
between various places of the output fre 
quency. 

In all cases a fast sweep speed of 200 mi- 
croseconds /cm or faster has been used in 
order to adequately portray the speed of 
switching and the virtual non existence of 
switching transients. Any frequency instabili- 
ties at the start of the new frequencies are 




Synthesizer snitched heticeen 20, "i 
*id 20M Mc. No subtraction- Sweep 

is 200 fiset ft tn. 




(f) Synthesizer switched between 19.99 
,\tt and 20 Mc Sweep is 200 sSee/Cnt, 

not revealed by such oscillograms, but these 
have been determined by other means to be 
very slight and brief in duration. 

The switching waveform was derived by ap> 
plying an external positive voltage of +2 volts 
in series with a contact closure as the "off" 
signal. A simple contact opening without an 
external voltage can also be used as the turn- 
off signal at a moderate reduction in switching 
speed and turn-on clarity. 



Fig. 10 which shows the conversion of 
modulation on the driving standard lo 
modulation on the synthesizer output 
in both a high and a tow frequency, 

Foi some applications it is desirable 
to bypass the crystal fiUei in the synthe- 
sizer so thai the external standard ma) 
l*r shifted or frequent) modulated, 
I berefore a pah ol turves is also shown 
in Tig, 10 for operation without the 
filter. 

The improvement resulting when us- 
ing the filtei ma) cause a measurement 
ambiguity il ihe synthesizer nut put is 
checked for short-term stability .ig.iimi 
.mi external driving standard. Sue h a 
comparison would usually be expei ted 
to show the synthesizer contribution, 
but in this uist\ where the signal from 
i lie synthesize] may he an improved 
version ol thai from the driving stand- 
ard, t fie measurement may really hie a 
measurement ni the noise on the stand- 
ard. In other words, ev&lu&tin 
synthesizer contributions requites an 
e x t re m r h h igh - q u n lity rf a n da rd. 



ENVIRONMENTAL PERFORMANCE 

I fie synthesizer is specified to operate 
ovej an ambient temperature range thai 
is quite wide 0lo55 CX Consequently, 

the elicits due ii> ambient temperature 
i hanges of usual amounts arc small. For 
example, exclusive ot the frequency 

standard, the phase shitt pel C is typi- 
cal]) fr -\- .25 \U . Converting this 
to [rairiunal frequenry error, we have 



t l - n (t+°^ 



10 



where N is the rate ol temperature 
i lunge in degrees per hour and V is the 
output frequency in megacycles V< 50 
megacycles with a I (- houi rate of am- 
bient temperature change, this would 
amount to but 3 ■ tO* 1 * frequency error. 

The interiuJ frcquenq standard 
a typical frequency shift ol ±:1 part in 
trmal h>i a high <ju:dm 
standard), so that the frt tbility 

ol the system above MiOki will normally 
be limited by the frequency standard 
The best available quart/ standards 



Fig. 8. Typical 

synthesizer out- o 

put tecel vs. fre- *£ 

quency. > 
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have a temperature dependence of 
about liii ■ 10 pa C. The Syndic- 
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\ Recordings showing high output 
voltage stability of new sy (a} is 

d of output* above 100 kc t fh} below 
100 fee. IJne cottage in (a) and fb) was 
varied widely as shown in (a). tHr com- 
parison, (e) shown stability af a quaht\ LC 
osciUa&or operating on a constant-voltage 
regulated line 




Fig, 10, Noise "cleanup" 
produced hy synthesizer 
on a frequency xynthe 
sized from external sig- 
nal eom pared with the 
external signal. Curves 
tire given both for ease 
where synthesizer's in- 
ternal filter is used and 
when not used. 



FREQUENCY OF PHASE MODULATION (GPS) 



si/n arul Driver performance are pres- 
ently being checked at 55 °C lit lure 
shipment as a quality assurance meas- 
ure. No damage will result from noo- 
ning exposure to 10 to -f-75 d C, 

tests on sample instruments show 
thai these instruments can he expected 
to meet the specifications unda a com 
bination of both 95% relative humidity 
iiiul 10 t; temperar lire even alter it \e\\ 
24-Jiou ol l<>w to high humidity, 

The specifications on short-terra sta- 
bility are given for -i vil)i;it inn free 
environment. The typical slight 
elation .>t shori term stability im the sv% 
tern exclusive of the frequency standard 
is indicated in Kig + II. No damage was 
experienced on a sample instrument 
pair tested from H> tn 55 cycles with 
,011) inch peak-tfj-pe;ik csaursioiiS in the 
three principle directions. 

1 he radiated and conducted interfere 
cure < a used bv ihe system falls within 
the limits allowed by MIL-I-HHHUA. 
and the equipment has been designed 
and sample-tested to meet the suscepti- 
bility conditions of MIL-I-nl8l I) ami 

30 T 
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FREQUENCY OF VfBRATlON (CPS) 

Fir II. Synthesizer exhibits only alight vi- 
bration effects. Curve shown is for r OW~ 
p-p excursion. Synthesizer operates under 
temperature and humidity extremes. 



MJL-1 -2*ifi00. This means that there 
should not be any RF interference prob- 
n operating tire svnthesi/er 
near other reasonably well-designed 
equipment. 

Another important consideration is 
the spurious signal production due to 
external sources of tow frequency 
(power line) magnetic fields. The ^n- 
thesizer system has been carefully tie- 
signed m> that a field of at least 0.8 gauss 
is required to cause a — 1H) db spurious 
modulation of ihe output signal Some 
electronic instruments produce consid- 
erably nunc than this, however. Spun 
ous signals at the frequency Of the 
magnetic field (and its s$ <md harmorta ) 
will be considerably worse. 

SOLID-STATE MODULES 

Plated-through printed circuit board 
construction is used throughout. Modu- 
lar construction has been used which 
should be a great help in any mainte- 
nance, since it is relatively easy to luce 
a trouble in an offending module. Mod- 
ules ate interchangeable with othi 
like kind. 
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SPECIFICATIONS 

— h P — 

MODEL 5100A 
FREQUENCY SYNTHESIZER 

OUTPUT FREQUENCY: DC to SO Mc 

DIGITAL FREQUENCY SELECTION: 01 cps 
through 10 Me per step, Selection by front 
panel pushbutton or by remote switch clo 
sure. Any change in frequency may be accom 
plished in less than 1 millisecond. 

OUTPUT VOLTAGE: I volt rms ■ I db from 100 
kc to 50 Mc 1 volt rms ±2 db, 4 db from SO 
cps to 100 kc. mto a 50ohm resistive load 
Nominal source impedance Is SO ohms. 15 
mrlhvolts rms minimum open circuit from 100 
kc down to DC at separate rear output con- 
nector; source Impedance of 10K ohm *ith 
shunt capacitance approximately 70 pf 

St GNAL-TO- PHASE NOISE RATIO: Greater than 
54 db in a 30 kc band centered on the s>gnal 
'.excluding a Icps band centered on the sig- 
nal).* 

SIGNAL-TO AM -NOISE RATIO: (Above 100 kc): 
Greater than 74 db m a 30-kc band.* 

RMS Fractional Frequency Deviation (With a 
30 kc noise bandwidth):* 



AVERAGING 
TIME 

1 Mc 


OUTPUT fflfflUEKCY 
5 Mc 10 Mr 


SO Ml 


10 miMiKCO-ndi 3x10 ■ 


EilQ 1 3kI0-» 
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1 tetcnrJ 3*10 ■< 


6(10 ■ 3jc 1 


1x10 ' 



SPURIOUS SIGNALS: Non-harmonically related 
signals are at least 90 db below the selected 
frequency. 

HARMONIC SIGNALS: 30 db below the selected 
frequency (when terminated in SO ohms). 

SEARCH OSCILLATOR: Provides continuously 
variable frequency selection with an incre- 
mental range of 0.1 cps through 1 Mc. Manual 
or external voltage (—1 to 11 volts) control 
Mrlth linearity of — S%. 

WEIGHT: Net 75 lbs (34 kg): shipping 127 lbs 
ffta kg). 

EQUIPMENT FURNISHED: OS 100-61 B0 OeCade 
Test cable. 05100-6065 Output cable, OS 100- 
6157/S cable assembly connects 5100A Syn^ 
th*ftiz«f to 51 10A Driver. Permits rack mount- 
ing of up to two SlOOA's immediately above 
and/or below the SllOA D.iver. Special length 
cable assembly availabFe for other mounting 
arrangements, 

"Performance data stated are based on internal 
frequency standard or highest quality external 
standard 



— hp — 

MODEL SllOA 

5YNTHE5IIER DJMVER 

INTERNAL FREQUENCY STANDARD: 1 Mc 
Quartz Oscillator 

AGING RATE: < £3 parts in 10* per day. 

STABILITY: As a function of ambient tempera- 
ture: ±2x 10 lC per *C from 0"C to +55 'C. 
As a function of line voltage: ± 5 v. 10" for a 
change m line voltage (rated at 115 Of 
230 volts rms Fine voltage; 
Short term: Adequate to provide the 5 100 A 
performance noted above [1 * 10 ' rms for 1 
second averaging on direct output for 30 kc 
noise bandwidth). 

PHASE LOCKING CAPABILITY: A voltage control 
feature allows 5 parts in 10* frequency con 
trol for locking to an external source -5 to 
f5 volts required from phase detector (not 
supplied). 

EXTERNAL FREQUENCY STANDARD: 

INPUT REQUIREMENTS: 1 or 5 Mc. 2 v rms 
minimum. 5 v maximum across 500 ohms 
Stability and spectral purity of 5100 A Fre 
quency Synthesizer will be partially deter 
mined by the characteristics of the external 
Standard if used. 

WEIGHT: Net 54 lbs (25 kgk shipping &D lbs 

GENERAL 

OPERATING TEMP. RANGE: to ■ 55*C. 

INTERFERENCE: Complies with MIL-I-16910A. 

POWER: 11.5 or 230 volts ± 10%, 50 to 40O 
cycles, 35 watts each unit (independent sup- 
plies). 

PRICE: Model 5100A Frequency Synthesizer, 
110.250. Model 5110A Synthesizer Driver, 
$5000 

Prices f.o.b. factory. 

Data subject to change without notice. 
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NOTES ON THE APPLICATION 
OF FREQUENCY SYNTHESIZERS 



I 



x the digital frequencj ^ynthesi/er we 
i frequent y standard whose output 
frequency Cao l^c selected bv cither man- 
ual or electronic command m very high 
nun in le<v than a millisecond. 
Such an instrument constitutes a most 
powerful tool, In comraunicaiimh 
for example, the synthesizer's excellent 
spurious-frequency performance makes 
it well suited 10 use as the master use U- 
lator in a transmitter and as ihe local 
oscillator in a receiver. If the transmitter 
and the RF section of the receiver are 
untuned, an extremel) feat switching 
system tan he um.<! m> i hange the local 
oscillator (synthesizer) frcqueiu 5 to 
achieve communications systems of high 
integrity. 

Again, the synthesizer ran greatly fa- 
cilitate surveillance work if it is used as 
the local oscillator in a receiver* de- 
signed to accurately determine the fre- 
quent y of remote transmitters. I h 
and speed with which the synthesize! 
frequency can be changed will allow 
monitoring of .1 multiplicity of channels 
wiih j single mrivei b\ sequent ing the 
local oscillator (synthesizer) through the 
desired channels. 

Sequencing the synthesizer output 
through a group of desired frequencies 
can also permit a single instrument to 
Ite as an automatic tali bra tor lor a 
multiple I recpseiu % setup such as a mul- 
tiple transmitter installation. The ar- 
rangement can provide for phase- lock ing 
the transmitter frequencies to the syn 
thesi/er h\ a 1 in nit with a time constant 
long enough to maintain the transmitter 
frequency For the duration oi the se- 
quencing < y* l& 

In HF communications work, depend- 
able long-distance communications re- 
quires the use of a frequency near the 
maximum usable frequency, which is 
determined by ionospheric conditions. 
Since these conditions can change rap- 
idly, test transmissions over the HF 
spec it urn ate used at frequent intervals 
to i os Hte loop operation. The fast 
mg and electronic control ol the 
synthesizer make it a natural part of 
such a "'radio sounding" system. 



* In receiver work a double balanced mijter is fee 
ommended since it will discriminate against spun 
ous responses and wtll further improve the effective 
noise Jewel 



MICROWAVE/SPACE COMMUNICATIONS 
Ihe ellective use of the microv 
spectrum for communications requires 
frequency sources having extremely 
good fractional frequent vstabihr §o 
that the ret eivei bandwidth can be mini- 
mized. With a 8 k< information band 
width at KJ kMc, a frequency stability 
ol 3 parts in 1.0" lot the duratioi 
message is desirable for double-sideband 
work. For single-sideband work the re- 
quirement is about I part in I'O* h>i the 
same conditions. Obviously, a synthe- 
sizer must be used in such a c 01 minimi a 
lions system to make it practical, Ihe 
high spectral purity of the syntheM/i 1 
permits multiplication of its output 
e ven t o X -ba n d with a signal- tonois e 
ratio ample for such applications. 

Determining the velocity ol Ear-oui 
spate vehicles through Doppler fre- 
quency measurements involves opera 
1 inn at X-band with receivers having IF 
bandwidths of but a few cycles to mini 
mi/e noise levels. As the vehicle velocity 
changes, the receiver's local oscillator 



frequency must be changed to keep the 
received signal in the center of the IF 
bandwidth. Here again, the synthesiser 
is ideal because of its stability ami be- 
cause its frequency can be changed in 
known and selectable increments. 

AUTOMATIC TESTING 

Fig. 2 in the accompanying article 
shows the amplitude response of a 
row-band crystal filter pint led automat- 
ic ally in permanent-record Conn. Fig, i 
of that article shows the system used to 
make the record. The system provides 
for either manual change of frequency 
or automatic change of frequent \ midei 
mtrol of a simple tape*operated 
programmer, Under automatic Opera 
tion, ;t point is plotted automatically as 
soon as the XV plotter's positioning 
servos null. The programmer is then 
commanded 10 advance to the next test 
point. Where die response is a slow func- 
tion of frequency, the programmer dic- 
tates relatively large steps in frequency, 
Where the response changes rapidly, 
small frequency steps are made. 

This same tyj>e of system could be 
used for plotting the in-band phase 
response bv substituting a leveler and 
phase comparator for the amplifier in 
tlicated in the diagram. 
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SPECTRU 
AB 

Many reader 
ing oscillogram 
example of a 
pair The oscil 
usual, however 
of times and f 
ond-krlomegacy 
possible by the 
pling OscjIIoscc 
trum Analyzer 

tn addition 
though, these 
how the freque 
thestzer can b< 
Mc through the 
generator. The 
vice which can 
synthesizer. 

The time-plo 
put pulse typic< 
tor when dritfe 
pulse has the 
as the synthe; 


M EXTENSION TO stance 50 Mc. The pulse amplitude here is 

QVF 500 MC about a volt and the width about one nano- 

second. Width is essentially independent of 

... t . . # . driving frequency, whrch can range down 
swill find in the accompany- ^ inu 

s an unusual and excellent t0 lu c 

time-frequency transform The generator s corresponding frequency 
lograms are the more m- spectrum x shown from 50 Mc to 1000 Mc 
, m that they are actually In th€ s™™ 1 oscillogram. The amplitude 
requencies in the nanosec of th * components vanes from about 75 
cle region. They were made millivolts at the 50 Mc component to about 
use of the ^-hp- 1S5B Sam- 2 - 5 mrtl.vofts at the 1000 Mc component. 
>pe and a new -Up- Spec- measured across a 50ohm load. The spec- 
soon to be described trum ,s not rated flbov * S 00 Mc ' although 

a 10O0 Mc spectrum is shown here and 
to their technrcal interest, jsatjle outputs to 2000 Mc are usually 
oscillograms demonstrate available, 

ncy output of the new syn- Bemg hami0mes o1 tht synthesizer's fre 
■ extended to at least 50O quency> the generator s output frequency 
: use of a simple spectrum componenls nave the ful , preC j Sia n and 
generator is a passive de EtaMity of the synthesizer. Further, their 
be dnven directly from the reMlut]Qn ls re duced only by the number 

of the harmonic used. Even at 500 Mc, 
t oscillogram shows the out- then, harmonics can be adjusted m 0. 1 cps 
illy produced by the genera- steps by changing the syn th esizer's 50 Mc 
t from the synthesizer. The output in 0,0 i cps steps. Commercial band 
same repetition frequency pass filters are available to select a desired 
iizer frequency, in this in- harmonic range from the generator. 
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Arrangement for plotting spurious modes 
in crystals. 

A similar automatic arrangement 
could be used fur testing and sorting 
frequency-sensitive components vith 
£rcat precision and speed. 
SPECTRUM ANALYSIS/ NMR 

The ability of the synthesizer to pro- 
vide a signal of extremely high Ire 
quency stability, when coupled with die 
fineness of resolution provided by the 
instrument, greatly Facilitates analysis 
of spurious modes in resonant dc vices. 
A seLup for plotting spin ions modes in 
quartz plates is shown in the accom- 
panying illustration. The arrangement 
shown allows observation of modes 
which are very close to die main re- 
sponse mode and which are oO to 70 db 
down, 

Nuclear magnetic resonance methods 
are increasingly used to determine, 
among other things, the qualitative and 
quantitative make-up of materials. In 
this method the strength of an applied 
tic magnetic field and the Frequency 
(usually 2 to 100 \U:) of a simultane- 
ously applied RF field needed to pro- 
duce a nuclear resonance in the materia I 
must be known. The dc magnetic field 
can be controlled at a defined reference 
value with great stability by previous!) 
developed means. The synthesizer now 



SYNTHESIZER 

DESIGN 

LEADERS 




provides the RF excitation frequency 
at the high precision needed to great!) 
enhance the precision of NMR measure^ 
ments. The case of frequency control in 
the synthesizer allows for automat it all) 
testing for the presence and quantity of 
several elements in a sample and does 
so with such speed as to m;ike NMR 
in -process control a real possibility. 

Lastly, a most interesting case is the 
use of the synthesizer in the cxamina- 
tion of the atomic spectral lines of a 
cesium beam tube,* 

FREQUENCY AND LEVEL STABILITY 
MEASUREMENTS 

The excellent frequency stability of 
the synthesizer can be used as a standard 
in measuring the frequency stability of 
other signal sources. In frequency-sLabil- 
iiy measurements, the synthesizer signal 
can be subtracted from the signal under 
test, theieb) translating instabilities to 
a lower frequency where they can be 
measured b\ a frequency counter, low- 
frequency analy/er, or other means, 

ft is also interesting to note that the 
synthesi/ei (an be used in mea.suiing 
the phase stability of such devices as 
IV amplifiers, frequency multipliers, fre 
quern y dividers, nigger circuits, and 
resonant devices. Jn smh work a phase 
comparator is used to synchronously 
mix the input signal (supplied by the 
synthesizer for stability) and the output 
signal of the unit under test. IJv adjust- 
ing the phase "I the signals to a quadra- 
ture relation, any phase perturbations 
introduced by the unit under test will 
be readily observable at the comparatoi 



'Leonard S. Cutler,, h, Ejianmnal<on of the Atom re 
Spectral Lines of a Cesium Beam Tube with ihe 
-Jip- Frequency Synthesizer," Hewlett-Packard 
Journal Vol. 15, No. 4. December, 1963 
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output. I his technique is ven sensitive 
and powerlu] ami « an be used as a meas- 
ure oi the reliability of the device under 
test even if the phase stability itseU is 
not of special importance. 

Measurements involving the calibra- 
tion ot voltmeters, power meters, and 
attenuators must depend on a 
source with high stability of output 
level. The level stability (typically 0*01% 
over a few-minute period) of the synthe- 
sizer is about an order of magnitude 
better than thai available from high- 
quality generators operating on a regu- 
lated power line. 

For versatile coverage from 5h to 500 
Mc the — fip— 10511 A Spectrum Gener- 
ator accessory shown elsewhere herein 
can be used to provide more than 25 inv 
at any desired frequency over this range* 
Fixed or tunable filters are t on unen ialh 
available to eliminate the undesired 
harmonics of the output spectrum. 

-hp-'s Dyinec division has a system 
available for tunable coverage over the 
range from (1.8 to \2A Gc using micro- 
wave oscillators phase locked in ha i moti- 
le s of the synthesizer's output frequency. 

The synthesizer phase noise and spuri- 
ous signals will he deteriorated by at 
least the harmonic multiplication Factor 
in any frequency multiplication sc heme 
Parametric harmonic generation in par- 
t u i j l.i i must lie carefully evaluated. 

GENERAL 

The performance and versatility of 
the new synthesizer are such that it is 
reasonable to expect that many nevv ami 
significant applications will come to 
light as scientists and engineers contem- 
plate the potentialities of this system, 
— Victor E* Va n Duze r 
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sity of Illinois, an MSE£ from Stanford, and has 
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the University ot California, is a member of Eta 
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actively engaged in the design of the new syn 
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quency section of the synthesizer He holds a 
B&. in Enginenng Physics from the University 
of British Columbia, an MSEE from Stanford, 
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